ABSTRACT: Neospora caninum is a major cause of abortion in cattle worldwide. However, little information is available for Algeria. Accordingly, 799 cattle from 87 farms in the north and northeast of Algeria were enrolled in a seroepidemiological survey. An indirect fluorescence antibody test (IFAT) revealed a seroprevalence of 19.6%. The animals were divided into 3 groups according to their breed: imported European cattle, local breeds, and crossed animals (European 3 local). Seroprevalences were 16.0%, 34.3%, and 18.6% in groups 1, 2, and 3, respectively. A case control study was performed to investigate the link between global seropositivity to N. caninum and abortion risk in those cattle farms. There was a significant (P , 0.01) association between the seroprevalence against N. caninum and the occurrence of abortion in those farms (odds ratio [OR] 5 12.03). This was also observed at the individual level (OR 5 2.79). The analysis of results according to the breed revealed a significant association between seroprevalence and abortion in groups 1 and 3, but not for group 2, despite the fact that the highest seroprevalence was observed in group 2. Cerebral tissues from 5 aborted fetuses were available for histology and polymerase chain reaction (PCR). One sample was found positive both by histology and by PCR, 2 samples were positive by PCR only, and 2 samples were negative in both tests.
Neospora caninum is an apicomplexan protozoon responsible for abortion and neonatal mortality in cattle worldwide (Dubey et al., 2007) . This parasite has a heteroxenous life cycle, with the dog as definitive host and cattle as the main intermediate host (McAllister et al., 1999; Dubey et al., 2006) . In dogs, N. caninum can cause neuromuscular disorders and death (Lindsay and Dubey, 2000) , but, most of the time, the infection is asymptomatic (Dubey and Lindsay, 1993) . Dogs produce fecal oocysts, which are infective for cattle. After ingestion and release of tachyzoites from oocysts, the parasites enter epithelial cells in the gut wall; some may eventually enter the placenta, leading to fetal infection. After the induction of a specific immune response, cysts are formed in the neural and muscular tissues. These cysts are packed with slow-replicating bradyzoïtes, which are able to survive for very long periods of time (Lindsay et al., 1992) . In adult cattle, abortion is the only clinical sign. The vertical transmission involves the transmission of the parasite from an infected cow to the fetus, which is a consequence of oocyst ingestion (exogenous vertical transmission) or the activation of a chronic latent infection (endogenous vertical transmission). Depending on the stage of pregnancy, this can lead to abortion, the birth of a healthy, but chronically infected, calf, or, rarely, the birth of a clinically affected animal (Dubey et al., 2006) . The presence of dogs on a cattle farm is considered as a risk factor for N. caninum abortion (Dubey et al., 2007; Ghalmi, Dramchini et al., 2009) .
Serology is widely used to diagnose the infection, but also for the conduct of wide-scale epidemiological studies. Several serologic techniques are used, including indirect immunofluorescence antibody test (IFAT) and different immunoenzymatic assays (ELISA) (Dubey et al., 1988; Wouda et al., 1998; Ghalmi et al., 2009a) . Immunoblots were also used as a confirmation method with the advantage of being able to determine the molecular weight of the reactive antigens (Dubey and Schares, 2006) . Serology was used to evaluate the prevalence of N. caninum in bovines worldwide (Dubey et al., 2007) . Depending on the study, prevalence varied considerably (Dubey et al., 2007; Ghalmi et al., 2007) .
More recently, classic (Mü ller et al., 1996; Payne and Ellis, 1996; Yamage et al., 1996) , nested (Baszler et al., 1999; Paula et al., 2004) , or real-time polymerase chain reaction (PCR) (Mü ller et al., 2002; Ghalmi et al., 2008) methods have been developed to detect N. caninum in dogs and cattle. Case control studies are efficient epidemiological tools used to investigate the relationship between a disease and a particular factor. Some case control studies were performed to investigate the role of N. caninum in cattle abortion (Davison et al., 1999; De Meerschman et al., 2000; Sager et al., 2001; Vaclavek et al., 2003) . All studies indicated a clear association between seroprevalence and abortion in cattle. In aborted fetuses, the association of brain lesions (nonsuppurative encephalomyelitis and necrosis) and the presence of specific DNA are usually considered as conclusive evidence (Dubey and Schares, 2006) .
In the present study, the seroprevalence against N. caninum was investigated in cattle farms in Algeria and a case control study was performed to determine the role of N. caninum in cattle abortion in these farms. Finally, a few aborted fetuses were examined for the presence of N. caninum.
MATERIALS AND METHODS

Animals
The owners of 87 farms were willing to participate. From these farms, 799 cattle were enrolled in this study. The farms were located in the northern (Algiers County and Blida) or the eastern regions of Algeria (Bejaia and Setif). These areas represented approximately 25,000 km 2 . The sampling took place from November 2006 to January 2009. The farms were classified into 3 groups according to the breed of cattle: group 1 (European imported cattle such as Holstein, Primholstein, Frisean, Montbeliarde, or Fleckvie, 30 farms; n 5 324); group 2 (local breeds such as the Brown of Atlas, 14 farms; n 5 105); and group 3 (crosses between local and European breeds, 43 farms; n 5 370).
Case control study
A farm was considered as a case when at least 1 abortion event was recorded during the previous 5 yr, whereas a farm was considered as a control if no abortion event occurred during the same period of time. Among the 87 farms, 30 were considered as case and 57 as controls. The farm size was slightly larger (P 5 0.03) for case (24 ± 28.9) than for controls (14 ± 12.8).
Serology
Ten milliliters of whole blood was collected from the tail vein of each animal. The tubes were centrifuged for 10 min at 2,700 g and the sera stored at 220 C until further use. An IFAT was performed as previously described (Ghalmi et al., 2009b) . To determine the cutoff for the test, a validation step was performed on 100 sera by comparing IFAT results to a previously validated ELISA (Herdcheck Idexx Laboratories, Westbrook, Maine). This test is largely used in cattle for the determination of seroprevalence against N. caninum (Wu et al., 2002) . The sera were diluted serially from 1/100 to 1/1,600 and the specificity, the sensitivity, and the coefficient of Kappa were calculated with the ELISA used as a reference. The results indicated that the best agreement was found when the 1/200 dilution was used (sensitivity 5 90%, specificity 5 100%, and Kappa 5 0.82). Therefore, a positive sample for IFAT was only considered at a dilution .1/200. The positive samples in IFAT were confirmed by immunoblotting as previously described (Ghalmi et al., 2009b) . A farm was considered as positive for N. caninum if at least 1 animal was seropositive. The serological status of dogs present in case (n 5 26) and in control farms (n 5 41) was investigated by IFAT as previously described (Ghalmi et al., 2009b) . Cattle sera from case farms were tested against Bovine Herpes Virus 1, Bovine Herpes virus 4, and Bovine Viral Diarrhea Virus by ELISA (Bio-X, Jemelle, Belgium). The risk for each pathogen and the probability to cause abortion values were calculated in accordance with the literature (Hall et al., 2005) .
Aborted fetuses
The brains of aborted fetuses were collected. A small piece (10 g) was kept for PCR and several small fragments were stored in 10% formaldehyde for histological examination (hematoxylin and eosin-stained preparations). For PCR, DNA was extracted with the use of a Chemagenic DNA tissue kit (Chemagen, Achen, Germany). Two PCR systems were used, i.e., classic PCR targeting the ITS1 DNA region (Payne and Ellis, 1996) and a previously described real-time PCR targeting the NC5 DNA region (Ghalmi et al., 2008) . For ITS1 PCR (Payne and Ellis, 1996) , an internal PCR control has been developed by amplifying invA gene of Salmonella typhimurium with the use of CI-ITS1F (59-gctgataatgaaagtgtgccggaagtattgtt-39) and CI-TS1R (59-aaataacggtgtgggaaaa cctcttcatgcgttacccag-39) primers. The resulting amplicon (240 base pairs [bp]) has been reamplified by N. caninum-specific primers NS1 (59-gctgataatgaaagtgtg-39) and SR1 (59-aaataacggtgtgggaaaa-39). The resulting amplicon was diluted and the lowest amplifiable amount was determined and used as internal PCR control. For ITS1 PCR, the PCR mixture included 50 ng of target DNA, 1 U of Taq polymerase (New England Biolabs, Ipswich, Massachusetts), 2 ml of 103 thermopolbuffer (200 mM Tris-HCl, 100 mM [NH 4 ] 2 SO 4 , 100 mM KCl, 20 mM MgSO 4 , 1% Triton X-100), pH 8.8 at 25 C, 400 nM of each primer, 1 ml of internal PCR control, 200 mM dNTP, NAT water up to 20 ml. The amplification cycles were as follows: 1 cycle for 5 min at 95 C, 40 cycles at 95 C for 30 sec, 50 C for 30 sec, 72 C for 30 sec, 1 cycle at 72 C for 5 min. The PCR products were analyzed by 2% gel agarose electrophoresis. The target DNA was 137 bp and the IPC was 240 bp.
RESULTS
Statistics
Specificity, sensitivity, Kappa, odds ratios, and confidence intervals were calculated with the use of Winepiscope 2.0 and Stat A 9.1 software.
Seroprevalence
Overall, 52.9% of herds (46/87) had at least 1 seropositive animal. Seroprevalences within herds varied from 0 to 100%. Of 799 serum samples, 157 (19.6%) were positive (confidence interval 95%: 16.8-22.5). When the different cattle groups are considered, the seroprevalences were 16.0% (11.9-20.1), 34.3% (25.0-43.5), and 18.6% (14.6-22.6) in groups 1, 2, and 3, respectively. The seroprevalence in cattle of the local breeds (group 2) was significantly (P , 0.01) higher than in the 2 other populations. All positive samples were confirmed as positive by immunoblot.
Case control study
Among the 87 studied farms, 30 (34.5%) were considered as case and 57 (65.5%) as control with respect to the presence or absence of abortion events during the previous 5 yr. Among the 799 sampled cattle, 369 (46.2%) belonged to case farms and 430 (53.8%) to control farms. Among the 57 control farms, 20 (35.1%) were seropositive for N. caninum and 37 (64.9%) were negative, whereas among the 30 case farms, 26 (86.7%) were seropositive and 4 (13.3%) seronegative. The seroprevalence within herds varied from 0 to 100% in case farms, and from 0 to 57.1% in control farms. The association between seroprevalence and abortion was calculated with the use of odds and risk ratios (Table I ). The risk and odds ratios were significantly greater than 1, indicating an association between seroprevalence to N. caninum and the presence of abortion events on the farms. Furthermore, when individual seroprevalence was considered with respect to the origin of a given animal (case versus control), the calculated OR and RR were still significant (Table II) . Finally, when the data were analyzed according to the breed, a significant association (P , 0.01) was observed in groups 1 and 3, but not in group 2 (P . 0.05) (Table III) .
Dog involvement
Previously (Ghalmi, Dramchini et al., 2009) , we have shown that there was an association between the presence of dogs and abortion in cattle farms in Algeria. Here, we investigated this association more thoroughly. When the serological status of dogs was compared with the presence of abortions in farms (Table IV) , a strong association was observed (P , 0.01) between the serological status of dogs and the probability of abortion.
Other abortions causes
The sera of cattle from case farms (n 5 320) were tested for the presence of antibodies against BHV1, BHV4, and BVD viruses, which are the major viral causes of abortion in cattle. Twenty-one (6.5%), 35 (10.9%), and 71 (22.2%) sera were positive for BHV1, BVD, and BHV4, respectively. The overall seroprevalence of N. caninum in the same serum samples was 27.2%. Among the tested sera, 54 belonged were from aborting cows. Among these 54 sera, 26, 8, 13, and 1 were positive for N. caninum, BVDV, BHV4, and BHV1, respectively. Therefore, it was possible to calculate risk for each pathogen, i.e., 17.9, 6.7, 1.8, and 0 for N. caninum, BVDV, BHV4, and BHV1, respectively. The probability of causing abortion was also calculated for each relevant pathogen and was found to be 59.8%, 29.6%, and 9.9% for N. caninum, BVDV, and BHV4, respectively. An increased risk of abortion (44.4%) with concurrent infections (N. caninum, BVDV, and BHV4) was observed.
Aborted fetuses
To confirm a direct link between N. caninum infection and abortion, 5 fetuses were analyzed. The serological status of the mothers was examined by IFAT. Four cows were positive and 1 was negative. The brains of fetuses were analyzed both by histology and PCR. For PCR, we used NC-5 real-time PCR and ITS1 classical PCR. Histological examination revealed the presence of compatible lesions in 1 fetus. This sample was also positive in PCR. Two additional samples were positive by PCR (NC-5 and ITS1), whereas the latter 2 were negative with both techniques.
DISCUSSION
The seroprevalence of N. caninum in bovine populations can vary according to country, region, methodology, and cutoff value (Dubey et al., 2007; Ghalmi et al., 2007) . Our observation that 52.9% of the herds studied had at least 1 animal seropositive to N. caninum suggests that neosporosis is widespread among dairy herds in at least some parts of Algeria. In the present study, the sera of 799 Algerian cattle were examined and a global seroprevalence of 19.6% was recorded (16.8-22.5 ). This seroprevalence is comparable with those found in another studies using the same technique (IFAT) and the same cut off (1/200), as that performed in Argentina (Moore et al., 2002 ), Brazil (Corbellini et al., 2006 Minervino et al., 2008) , Japan (Koiwai et al., 2005) , Korea (Hur et al., 1998 ), Australia (Atkinson et al., 2000 , and the United States (Dyer et al., 2000) .
Several studies indicated that N. caninum seropositive cows have a higher risk for abortion. Only a few real case control studies have been performed to evaluate the association between the presence of specific antibodies and the occurrence of abortion in cattle farms (De Meerschman et al., 2000; Vaclavek et al., 2003) . In these studies, the OR ranged from 3.1 (De Meerschman et al., 2000) to 22.1 (Sager et al., 2001 ) and the results were significantly different from 1. The present data are in agreement with the previous studies with an OR of 12.0 at the farm level and 2.8 at the individual level. Thurmond and Hietala (1995) considered that an OR of 2 indicated a state of endemic abortion, whereas a higher value was indicative of an epidemic situation.
Because dogs are the definitive host, the presence of dogs on a cattle farm is a major risk factor for the propagation of the parasite and for cattle abortion. The association between cattle abortion and the presence of dogs was previously investigated (Ghalmi, Dramchini et al., 2009 ). Here, we extended the analysis by determining the presence of antibodies against N. caninum in farm dogs and cattle abortion. There was a very clear association (OR 5 48.2) between the presence of seropositive dogs in farms and the occurrence of abortion. A cross infection between dogs and cattle is possible, because dogs infect cattle via contaminated food or water and cattle infect dogs via contaminated aborted fetuses. A similar observation was reported from Netherlands (Wouda et al., 1999) and Brazil (Guimaraes et al., 2004) , showing a correlation between seropositivity to N. caninum in farm dogs and a high seroprevalence of neosporosis in cattle.
Additional tests were carried out on seropositive animals from case farms. These indicated that viral pathogens like BHV1, BHV4, and BVDV also may be responsible for abortions. However, N. caninum clearly appears to be the most important agent for abortion in cattle.
The present study also demonstrated an increased risk of abortion when infection is concurrent among N. caninum, BHV4, and BVD (44.4% versus 28.6%). However, in another study, Davison et al. (1999) was unable to demonstrate the existence of an association between N. caninum, BVD, IBRV, and Leptospira hardjo-bovis. 
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